SUMMARY The cause of solitary rectal ulceration has been investigated using a method that radiologically visualises rectal voiding whilst simultaneously measuring intrarectal pressure and external anal sphincter electromyographic activity. Control subjects and patients with the solitary rectal ulcer syndrome, both with and without mucosal ulceration, have been studied. A high incidence of rectal prolapse (94%) was present in the patients who voided. Overactivity of the anal sphincter during evacuation contributed to the fact that patients with mucosal ulceration required higher intrarectal pressures to void than the controls and the patients without mucosal ulceration. The results indicate that a combination of rectal prolapse and a high voiding pressure may act to cause the mucosal ulceration in this syndrome by exposing the rectal wall to a high transmural pressure gradient.
It is suggested that the solitary rectal ulcer syndrome (SRUS) forms part of a spectrum of disorders (the 'mucosal prolapse syndrome') that is characterised by histological changes in the rectal mucosa,' and is caused by prolapse of the rectal mucosa.' A relationship between solitary rectal ulceration and rectal prolapse, which is often clinically occult, has been well demonstrated" but if the mucosal prolapse theory of the aetiology of SRUS is to be accepted it is necessary to be able to explain why only a small percentage of patients with rectal prolapse ulcerate, and the majority do not. It may be that other factors act in combination with the prolapse to cause the mucosal damage seen in patients with ulceration.
The objectives of this study were, therefore, to test the mucosal prolapse theory of the aetiology of the SRUS, and should it prove correct, to identify the additional factors responsible for the mucosal ulceration. To do this we have investigated the anorectal function of control subjects and patients with a diagnosis of SRUS confirmed by rectal biopsy, using a technique that radiologically visualises the Rcccivcdi or publici.tionl 19 Mircvh 1987 anorectum during voiding, whilst simultaneously measuring intrarectal pressure and anal sphincter EMG activity. The control subjects were volunteers free from anorectal symptoms who had been admitted to the infirmary for minor surgical procedures.
Methods
Our technique for the dynamic assessment of anorectal function has been described in detail elsewhere.7 Briefly it entails delineation of the rectum by 300 ml of a semisolid contrast medium made from barium sulphate, porridge oats and water. The contrast medium also simulated a soft stool to be voided by the subject. The intrarectal pressure was measured via a pressure sensitive radiotelemetry capsule placed within the rectum. The electromyographic activity of the puborectalis and superficial parts of the external anal sphincter was measured by the insertion of fine stainless steel wire electrodes. A graphic display of the pressure and EMG data was produced by a BBC B microcomputer. This image was mixed with the video output of the image intensifier and the composite picture, containing the radiological, pressure and EMG data was stored on videotape. Lateral flouroscopy of the anorectum was done with the patient seated on a commode. The patient first maximally contracted the sphincter muscles, and then attempted to void the contrast medium.
Measurements of radiation exposure were made using thermoluminescent dosemeters. With exposure factors for flouroscopy of 90-110 kVp, 2-3 mA and screening times of between one and two minutes skin exposure was measured at 1-4 rads. From these data the total body dose was calculated to be 30-i 20 mrem, and the dose to the gonads 5(M-200 mrem.
STATISTICAI. ANAL YSIS
Fisher's exact test has been used for the analysis of differences in the patients' symptomatology. The other data were not normally distributed and values have been quoted as median and range. The Mann Whitney U test has been used for the analysis of differences between groups.
Results
Voiding was achieved in all control subjects and in 16 (8911) of the SRUS patients. The radiological abnormalities revealed on proctography are listed in Table 2 . The incidence of lesions involving prolapse of the rectal mucosa into the anal canal was 94'%0 in the SRUS patients who voided. The incidence of the types of lesion shown was similar in the two subgroups of SRUS patients. Figure 1 shows an example of an intra-anal intussusception of the rectum, this was the most common lesion seen in both of the groups of SRUS patients.
During voiding in both SRUS and control subjects the puborectalis and superficial parts of the external anal sphincter always behaved in a similar manner, either increasing or decreasing in activity together, if not by exactly the same degree. Expressing sphincter activity as the mean of the puborectalis and superficialis activities voiding in the control subjects was associated with inhibition of the sphincters to median value of 25%'o of the resting level of activity (Fig. 2 ).
Inhibition occurred with the onset of straining in four of the subjects and after a period of increased sphincter activity in the others (Fig. 3a) . In the SRUS patients voiding was accompanied by increased Fig. 1 Initra-anal intussusception, the head ofthe intussusception (*) has eitered the anal canal (-) during voiding, there htas beenI soOm'e recruitment oJ'anal sphincter EM(G activity. (Upper trace, initrarectalpressuire, bar= 75 mmHg; middle trace, p,uborectalis EMGIactivity; lower trace, superficial extern(tl anal sphincter EMG activit.y.) activity in the sphincters that persisted throughout voiding (Fig. 3b) . This increased activity, with a mediain value of 24% of the activity of a maximal voluntary contrac-;on, was significantly different to the activity in the control subjects (p<0(02).
In the SRUS-U patients voiding was accompanied by overactivity of the sphincters to a median level of 30%, of the activity of a maximal voluntary contraction. This wiIs significantly different from the behaiviour of the sphincters in the controls (p<0-0l) and the SRUS-NU patients (p<()05), in whom the mediain level of activity during voiding, was unchanged from the resting level of activity (Fig. 2) .
The rise in intrarectal pressure measured during voiding, or maximal attempts to void, was significantly higher in the SRUS patients (70 mmHg (45-155)) than in the controls (44 (37-103), p<0-02). The highest voiding pressures were recorded in the SRUS-U patients (74 (53-155)), their voiding pressures being significantly greater than the controls (p<(-01) and the SRUS-NU patients (48 (45-70), p<0-01). In the 13 SRUS patients (nine SRUS-U, four SRUS-NU) in whom sphincter activity increased or remained unchanged during voiding (Fig. 2) there was a significant inverse correlation (Rs=0-63, p<0.05) between the age of the patients and the pressure required to void contrast and a significant direct correlation (Rs=0 68, p<0).01) between the pressure required for voiding and the activity of the anal sphincter. in the SRUS) have explained the ulceration in terms of abrasion of the prolapsed mucosa by the unyielding puborectalis muscle bar," or as a result of ischaemia in the prolapse caused by its compression within the anal canal."' Both of these hypotheses propound that the damage to the prolapsed mucosa occurs from without, as a result of muscle overactivity, and, therefore, they cannot satisfactorily explain the presence of ulceration in those patients where the sphincters relax during voiding. We suggest an alternative mechanism whereby the disruptive force acts from within the prolapsed mucosa and is not entirely dependent upon the activity of the sphincters during voiding.
To consider the normal situation first, during voiding the rectal mucosa is supported by the rectal contents which are at a similar pressure to the intraabdominal pressure (Fig. 4a) . The pressure gradient across the rectal wall will be small, being the intraabdominal pressure -intrarectal pressure. The direction of the gradient may vary according to whether or not there is contraction of the rectal wall muscle. In the patient with a rectal prolapse the situation is different, here the prolapsed mucosa loses the support of the rectal contents, and as the prolapse reaches the outer end of the anal canal it comes in contact with air at atmospheric pressure. Under these circumstances the pressure gradient across the prolapsed rectal wall will be great (Fig. 4) Prolapse usually starts with invaginiation of the anterior rectal wall at the initiation of voiding. In some patients the lesion progresses no further alnd only the anterior rectal wall is exposed to the high pressure gradient. In other patients the prolapsing mucosa becomes circumferential as voiding proceeds. The anterior component, however, is often the largest (Fig. 1) and it forms the leading part of the intussusception as it descends the anal canal. In such an intra-anal intussusception the anterior rectal mucosa would be exposed to the greatest pressure gradient and, therefore, would be the preferential site for ulceration. In a full thickness rectal prolapse the prolapsed mucosa would be exposed to a high pressure gradient circumferentially and ulceration could occur at any point. In this study the occult forms of prolapse, that would favour anterior ulceration, were more common (Table 2) and it would be expected, therefore, that the most frequent site for ulceration would be anterior.
To analyse the data from this study we have divided the SRUS patients into two groups according to whether ulceration was present or absent on sigmoidoscopy at the time of the study. Such a division might be considered to be artificial as there are a few patients with this condition in whom the ulcer may heal and recur. Whilst we accept that there may be some overlap between the two groups, the few longitudinal studies of this condition that have been published' "' suggest that the ulceration is indolent-that is, once the ulcer has formed it remains. None of our patients showed any evidence of relapsing ulceration during the period of management before the study. It may be that the factors which we believe are the cause of ulceration act intermittently and this may explain the relapsing nature of the disease in some patients.
Overactivity of the sphincters during voiding was a common factor contributing to a high voiding pressure, occurring in approximately 70% of the patients in this study. The cause of the overactivity is unknown but the correlation between the intrarectal pressure and the degree of sphincter overactivity implies that it is because of a failure to inhibit the myogenic stretch reflex that normally modulates the activity of the pelvic floor muscles."' It results in excessive straining at stool, which, over a period of time, is thought to cause neurogenic damage to the sphincters resulting in weakness.' This in turn would be expected to result in lower voiding pressures and indeed an inverse correlation between age and voiding pressure was shown in this study. This may explain why the peak incidence of solitary rectal ulceration occurs in younger subjects, where voiding pressures are highest, and decreases with increasing age. " ' The findings of our study have implications for the management of this condition. If the dual factor hypothesis of the aetiology of solitary rectal ulceration is correct removal of one of the factors should be sufficient to cure the ulceration. There is at present no successful treatment for sphincter overactivity during voiding and therapy, therefore, should be directed at the rectal prolapse. Such treatment has been reported'3 to improve symptoms that can be related to the presence of ulceration or the prolapse itself. Such treatment, however, would not be expected to remove all obstructive symptoms as some of these will be due to the pelvic floor muscle abnormality which will be unaffected by rectopexy. These residual symptoms are probably best dealt with by explanation of the problem and advice to resist the urge to excessive straining as much as possible. 
